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(54) A hydraulic control circuit for a continuously variable transmission 



(57) A hydraulic control circuit is disclosed for a con- 
tinuously variable transmission comprising a continu- 
ously variable ratio transmission unit ("variator") 10, the 
circuit comprising a flow line 106 and means (which may 
take the form of a pump 1 1 0) for providing a flow of pres- 
surised fluid in the flow line, means (which may com- 
prise a pressure control valve 1 1 6) for generating a back 



pressure in the flow line, and at least one connection for 
feeding fluid from the flow line to a hydraulic actuator 
100 acting on a movable torque transmission element 
(which may comprise a roller 28) of the variator 10. The 
valve means 1 52 connected to the flow line upstream of 
the means for operating back pressure allow pressure 
in the flow line to be selectively modified. 
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Description 

[0001] The present invention relates generally to con- 
tinuously variable transmissions and more specifically 
to hydraulic control thereof. 5 
[0002] Such transmissions are known in the art which 
utilise a variator of the toroidal-race rolling traction type 
to provide the required continuously-variable transmis- 
sion ratio. Major components of a known variator 10 of 
the "full toroidal" type are illustrated in Fig. 1 . Here, two to 
input discs 1 2, 1 4 are mounted upon a drive shaft 1 6 for 
rotation therewith and have respective part toroidal sur- 
faces 18, 20 facing toward corresponding part toroidal 
surfaces 22, 24 formed upon a central output disc 26. 
The output disc is journalled such as to be rotatable in- 15 
dependently of the shaft 1 6. Drive from an engine or oth- 
er prime mover, input via the shaft 16 and input discs 
12, 14, is transferred to the output disc 26 via a set of 
rollers disposed in the toroidal cavities. A single repre- 
sentative roller 28 is illustrated but typically three such 20 
rollers are provided in both cavities. An end load applied 
across the input discs 1 2, 1 4 by a hydraulic end loading 
device 15 provides contact forces between rollers and 
discs to enable the transfer of drive. Drive is taken from 
.the output disc to further parts of the transmission, typ- 25 
ically an epicycfic mixer, as is well known in the art and 
described eg. in European patent application 
85308344.2 (published as EP 0185463). Each roller is 
journalled in a respective carriage 30 which is itself cou- 
pled to a hydraulic actuator 32 whereby a controlled 30 
translational force can be applied to the roller/carriage 
combination. As well as being capable of translational 
motion the roller/carriage combination is able to rotate 
about an axis determined by the hydraulic actuator 32 
to change the "tilt angle" of the roller and so move the 35 
contacts between rollers and discs, thereby varying the 
variator transmission ratio, as is well known to those 
skilled in the art. 

[0003] The illustrated variator is of the type known in 
the art as "torque control". The hydraulic actuator 32 ex- 40 
erts a control led force on the roller/carriage and for equi- 
librium this must be balanced by the reaction force upon 
the roller resulting from the torques transmitted between 
the disc surfaces 18, 20, 22, 24 and the roller 28. As is 
well known in the art, the centre of the roller is con- 45 
strained to follow the centre circle of the torus defined 
by the relevant pair of discs. The axis determined by the 
actuator 32 is angled to the plane of this centre circle. 
This angle is referred to as the "castor angle". The well 
known result of this arrangement is that in use each roll- 50 
er automatically moves and precesses to the location 
and tilt angle required to transmit a torque determined 
by the biasing force from the actuator 32. 
[0004] The biasing force is controlled by means of a 
hydraulic circuit through which fluid is supplied to the 55 
actuators at variable pressure. 

[0005] It will be appreciated that while the equilibrium 
position of the rollers is determined by the balance of 



the reaction force and the applied biasing force, there is 
the potential for unwanted oscillatory motion of the roll- 
er/carriage combination about this position, with result- 
ing impairment of transmission function. More than one 
mode of oscillation is possible but in the simplest such 
mode all rollers oscillate in unison and this oscillatory 
motion is accompanied by a corresponding flow of fluid 
in the hydraulic circuit. 

[0006] Damping of such oscillation can be provided 
by means of the hydraulic circuit and specifically by re- 
stricting or throttling fluid flow to and from the actuators 
32. During a change in variator transmission ratio, the 
rollers 28 must move and precess to new positions, fluid 
thus being expelled from one side of the piston of the 
actuators 32 and taken in on the other side. Under these 
conditions, if fluid flow in the hydraulic circuit is suitably 
restricted, pressure is increased in the hydraulic circuit 
on the side of fluid expulsion and diminished on the other 
side of the circuit, modifying the net force exerted on the 
rollers by the actuators such as to tend to resist roller 
motion and thus to create a torque between the variator 
input and output discs. The effect is two-fold: 

i. damping is provided, which helps to deliver 
smooth non-oscillatory variator response, particu- 
larly when installed in a mechanical power train; but 

ii. the torque created resists required ratio change, 
which can impair transmission performance during 
rapid transient events such as rapid braking and 
rapid acceleration. 

[0007] Particularly stringent requirements are im- 
posed on the transmission by such "transients" - rapid 
changes in the operating conditions of the vehicle re- 
quiring correspondingly rapid changes of transmission 
ratio. An emergency stop or "brake to rest" is one ex- 
ample. In order to maintain engine speed and to avoid 
stalling the engine during a brake to rest, rapid ratio 
change is required of the variator. This is particularly sig- 
nificant in a transmission of the "geared neutral" type in 
which the variator remains coupled to the vehicle's 
wheels even while the wheels are stationary - that is, in 
vehicles lacking a clutch or other means to isolate 
wheels and engine. The high rate of ratio change re- 
quired during rapid brake to rest corresponds to a rapid 
motion of the variator rollers, but if adequate hydraulic 
flow to accommodate such motion is not available - par- 
ticularly because such flow is restricted - the rollers can 
fail to move with sufficient speed, leading eg. to an en- 
gine stall. Within the hydraulic circuit the effect can be 
a large increase in pressure on one side of the circuit 
and a large fall in pressure on the other side of the circuit 
The result must be a large net biasing force on the roller/ 
carriage combinations and this is reflected in a large var- 
iator torque which is the cause of the engine stall. 
[0008] It has been found in practice that the level of 
damping required to achieve smooth transmission op- 
eration can unacceptably inhibit variator response when 
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rapid transients occur. Achieving the necessary balance 
of stability against response has proved problematic. 
Overcoming or at least alleviating this problem is an ob- 
ject of the present invention. 

[0009] In accordance with the present invention, there 
is a hydraulic control circuit for a continuously variable 
transmission comprising a continuously variable ratio 
transmission unit ("variator), the circuit comprising a 
flow line, means for providing a flow of pressurised fluid 
in the flow line, means for generating a back pressure 
in the flow line, at least one connection for feeding fluid 
from the flow line to a hydraulic actuator acting on a mov- 
able torque transmission element of the variator, and 
valve means connected to the flow line, upstream of the 
means for generating back pressure, for selectively 
modifying the pressure in the flow line. 
[0010] In such a circuitthe path controlled by the valve 
means can serve to vent and/or supplement fluid flow 
through the flow line and thus to allow increased flow in 
response to transients. 

[0011] Where #ie invention is applied to a toroidal- 
race rolling traction type variator, the movable torque 
transmission element takes the form of a variator roller. 
The roller 28 illustrated in Fig. 1 is an example. 
[0012] It is especially preferred that the valve means 
responds to rate of flow in the flow line. One way to 
achieve this is to arrange the valve to respond to pres- 
sure differential across a flow restrictor in the flow line. 
[0013] Preferably, the valve means is controlled such 
that its degree of opening is substantially constant while 
the rate of flow in the flow line is within a chosen range. 
Still more preferably the valve means is closed while.the 
rate of flow is within the chosen range. 
[0014] It has been found, somewhat unexpectedly, 
that in this way stable controllable operation of the var- 
iator can be achieved while also enabling rapid re- 
sponse to transients. 

[0015] The means for generating back pressure in the 
flow line preferably comprise a pressure control valve. 
It is known to use a pressure control valve to produce a 
controlled back pressure in the flow line, and thereby to 
control the hydraulic actuator. Such an arrangement 
used in existing circuits has caused problems in accom- 
modating sufficient fluid flow during variator transients, 
but provision of the valve means according to the 
present invention allows these problems to be alleviat- 
ed. 

[0016] . It is preferred that the valve means comprises 
a pilot operated valve having a spool which is controlled 
by pilot pressures from upstream and downstream of the 
flow restrictor. 

[0017] The valve means preferably control a path to 
a low pressure area in order to vent excess fluid from 
the flow line. In this way the valve means can prevent 
excessive pressure build up in the flow line. 
[0018] Additionally or alternatively, the valve means 
may control a path connected to a pressurised accumu- 
lator in order to selectively supplement fluid flow into the 



flow line. 

[0019] An important advantage of such an embodi- 
ment is that the capacity required of the means for pro- 
viding flow of pressurised fluid (typically formed as a 
5 pump) can be reduced as compared with existing cir- 
cuits in which this capacity is chosen to meet the maxi- 
mum requirements of the circuit. Provision of the accu- 
mulator allows the flow in the line to be supplemented 
when required, from the accumulator, so that the pump 
10 need not supply the maximum required rate of flow. 
[0020] Practical circuits generally control double act- 
ing actuators and in a further preferred embodiment of 
the present invention the circuit comprises a second 
flow line, means for providing a flow of pressurised fluid 
'5 to the second flow line, means for generating a back 
pressure in the second flow line, at least one connection 
for feeding fluid from the flow line to a double acting hy- 
draulic actuator acting on the ratio determining element 
of the variator and a second valve means which controls 
20 a flow path connected to the flow line upstream of the 
means for generating back pressure in the second flow 
line to thereby selectively modify the pressure in the sec- 
ond flow line. 

[0021] A specific embodiment of the present invention 
25 will now be described, by way of example only, with ref- 
erence to the accompanying drawings,. in which:- 



Fig. 1 is a simplified illustration of a known toroidal- 
race rolling traction type variator which is suitable 
for control by the hydraulic circuit to be described 
below; 

Fig. 2 is a symbolic illustration of a hydraulic circuit 
embodying the present invention; 
Fig. 3 is a schematic illustration of a control valve 
utilised in the Fig. 2 circuit and of connections there- 
to; 

Fig. 4 is a symbolic illustration of an accumulator 
circuit forming part of the Fig. 2 circuit; 
Fig. 5 is a graph of total forward flow in a flow line 
of the Fig. 2 circuit against flow through a flow re- 
strictor of the circuit; and 

Fig. 6 is a graph of pressure against flow through 
the restrictor. 



30 



35 



40 



45 [0022] The hydraulic circuit illustrated in Fig. 2 is suit- 
able for use with a torque control variator of the type 
described above with reference to Fig. 1 . Fig. 2 shows, 
by way of illustration, a set of three hydraulic actuators 
100, 100' and 100" (typically in a variator of the above 
so described twin cavity type, six such actuators would be 
provided - three per cavity - but remaining actuators are 
omitted for the sake of clarity). Each actuator comprises 
a piston 102 whose two faces are exposed to control 
pressure in first and second working chambers 104, 204 
55 so that the biasing force applied by each actuator is de- 
termined by the difference in these control pressures. 
Each actuator 100 is coupled to a corresponding roller/ 
carriage assembly of the type illustrated in Fig. 1 . 
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[0023] The hydraulic circuit provides a first flow line 
106 for supplying hydraulic fluid to the first working 
chambers 104 and a second flow line 206 for supplying 
fluid to the second working chambers 204. 
[0024] The first flow line 1 06 comprises a supply line s 
112 and a drain line 114. A pump 110 draws hydraulic 
fluid from a sump 1 1 1 ( and it should be noted that while 
the diagram shows the symbol for the sump in several 
places, these are all the same item: the circuit has one 
sump only) and supplies a pressurised flow of fluid 10 
through the supply line 1 1 2 to the first working chambers 
104 of the actuators 100. The supply line is branched to 
connect to all of the first working chambers 104. The 
drain line however is only directly connected to one of 
these chambers - chamber 104' of actuator 100\ re- 15 
ferred to as the first master actuator. Pressure in the 
supply line 112 - and hence in the actuator working 
chambers 104 - is controlled by means of a first pressure 
control valve 1 1 6 incorporated in the drain line 1 1 4. This 
valve is controlled by an electronic control unit (ECU) so 
117. It is again to be understood that while the symbol 
for the ECU is seen in two places on the diagram for the 
sake of representational convenience, these symbols 
both refer to a single such unit. From the downstream 
side of the pressure control valve 116, the drain line 25 
leads back to the sump 111 from which the hydraulic 
fluid is recirculated. 

[0025] The second flow line 206 is similarly formed to 
the first, comprising a second supply line 21 2 which sup- 
plies pressurised hydraulic fluid from a second pump 30 
21 0 to the second working chambers 204 and a second 
drain line 214 leading via a second pressure control 
valve 216 to the sump 111. The second drain line 214 
is connected to working chamber 204" of a second mas- 
ter actuator 1 00". 35 
[0026] The master actuators 100* and 100" provide 
limits to the actuator travel, as is known in the art. When 
the pistons 102 move sufficiently far to the left, piston 
102* of the first master actuator 100* covers the mouth 
of the drain line 114, preventing further exhaustion of 40 
fluid therethrough and thus preventing further motion of 
the pistons to the left. The second master actuator 100" 
limits travel of the pistons to the right in an analogous 
manner. 

[0027] The ECU 117 monitors pressure in both of the 45 
flow lines 106, 206 by means of respective pressure 
transducers 118, 218 and controls the opening of the 
pressure control valves 116, 216. The purpose of the 
valves is to create an adjustable back pressure in the 
flow line. On the downstream (drain) side of the valves so 
pressure in the circuit is low. Typically this region is close 
to or at atmospheric pressure. Upstream of the valves 
is normally a higher pressure, controlled by means of 
the valves 116, 216. 

[0028] Fig. 2 also shows a valve arrangement 121 of 55 
the "highest pressure wins" type having a respective in- 
put connected to both of the supply lines 112, 212. The 
arrangement supplies via its output 123 hydraulic fluid 



from whichever supply line is at higher pressure to a hy- 
draulic ram (item 15 in Fig. 1) for applying the required 
end load to the variator discs. Also shown in Fig. 2 are 
first and second pressure limiting valves 124, 224 con- 
nected respectively to the first and second supply lines 
112,212. 

[0029] Reference has been made above to the need 
to damp oscillatory motion of the pistons 1 02 and hence 
of the rollers to which they are connected. While a de- 
gree of damping exists in the circuit by virtue in particular 
of the pressure control valves 116, 216, which tend to 
restrict surges of fluid flow, damping is also provided in 
the illustrated circuit by first and second restrictors 1 50, 
250 incorporated respectively in the first and second 
flow lines. More specifically, each restrictor is connected 
in the respective drain line 1 1 4, 21 4, downstream of con- 
nections of the flow line to the actuator working cham- 
bers but upstream of the respective pressure control 
valve 116, 216. The restrictors are formed as metering 
orifices, having a reduced cross section relative to other 
regions of the flow line and a small extent in the direction 
of fluid flow (ie. a sharp edged orifice). The viscosity of 
the hydraulic fluid is, unavoidably, dependent to some 
degree on temperature. The metering effect of an orifice 
having a small extent along the flow direction is less de- 
pendent on viscosity, and hence less variable with tem- 
perature, than that of a longer restricted passage. In 
use, flow through each restrictor creates a pressure dif- 
ferential across it, the downstream side being at lower 
pressure. This pressure differential is approximately 
proportional to the square of the rate of fluid flow. The 
effect is to oppose surges of fluid flow, including those 
due to variator roller oscillation, and thus to damp the 
roller's movement. 

[0030] As pointed out above, a circuit which provides 
adequate damping can prove problematic during tran- 
sient variator ratio change. The circuit illustrated in Fig. 
2 incorporates compensation valves 152, 252 which ob- 
viate such problems. Consider first of all, however, the 
effect of a rapid ratio change on a circuit which lacked 
these valves. Suppose that the actuator pistons are re- 
quired to move in the direction to the left in Fig. 2. Fluid 
must be expelled from the first actuator chambers 104 
into the first flow line 106 and this extra fluid can only 
flow away through the first restrictor 150 and the first 
pressure control valve 1 1 6. The increased flow rate thus 
required through these parts creates increased back 
pressure across them, raising pressure in the first flow 
line 1 06 and opposing the required movement of the pis- 
tons, and so of the variator rollers. On the other side of 
the circuit, there is a requirement for flow of fluid into the 
second actuator working chambers 204 and, unless 
back flow takes place in the drain line 214 of the second 
flow line 206, this increased flow rate must be supplied 
by the pump. In known circuits, the required flow rate 
can exceed the pump capacity, leading to a major drop 
in pressure on this side of the circuit which again oppos- 
es the required piston/roller movement and may give 
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rise to cavitation. 

[0031] The compensation valves 1 52, 252 allow such 
problems to be avoided by venting fluid from the high 
pressure flow line and also in the illustrated embodiment 
by injecting fluid to the low pressure flow fine as required 
to keep pressures within acceptable limits. While other 
valve constructions are possible within the scope of the 
present invention, in the illustrated embodiment each 
compensation valve 1 52, 252 is formed as a double pilot 
operated directional control valve. This valve has a pro- 
portional response. Its operation will now be described 
with reference to Figs. 2 and 3. 

[0032] The compensation valve 1 52, 252 illustrated in 
Fig. 3 responds to the pressure differential across its as- 
sociated restrictor 1 50, 250. It comprises a valve cylin- 
der 300, a valve spool 302 movable along the cylinder 
and three ports: 

i. a common port 304 which is selectively connect- 
able through respective communication chambers 
306, 308 defined in the cylinder 300 by the spool 
302, on either side of a head 309, to either of 

ii. an outlet port 31 0 connected to a path to the sump 
111 and 

iii. an inlet port 312 connected to an accumulator 
1 54, 254 (see Fig. 2). The accumulator is constantly 
maintained at high pressure (eg. in the range 45-55 
bar) and will be described in more detail below. 

[0033] The common port 304 is connected to the as- 
sociated flow line 106 or 206 upstream of its restrictor 
1 50, 250. In the illustrated embodiment this connection 
is made to a point in the drain line 1 1 4, 21 4, downstream 
of connections to the hydraulic actuators 100. 
[0034] The position of the spool 302 in the cylinder 
300 is controlled by pilot pressure signals taken from 
upstream and downstream of the associated restrictor 
150, 250 and applied to respective opposed faces 314, 
316 of the spool 302. The force exerted on the spool by 
these pilot pressure signals is not normally equal, since 
flow through the restrictor 150, 250 produces a back 
pressure across it, but the resultant net force on the 
spool is opposed by a spring 318 acting on the spool 
(an additional or alternative way to balance the force on 
the spool would be to change the relative areas of the 
faces 314, 316, as will be apparent to one skilled in the 
art). The valve characteristics are in the present embod- 
iment chosen such that during normal, non-transient 
variator operation the spool head 309 closes the com- 
mon port 304. That is, during non-transient operation the 
rate of flow through the associated flow line 106, 206 
and the resultant pressure differential across the restric- 
tor 150, 250 are such as to maintain the compensation 
valve 152, 252 in a closed state. Consequently during 
such operating conditions the compensation valves 
1 52, 252 do not, in the present embodiment, significant- 
ly affect the function of the hydraulic circuit. The valve 
head is longer, in the direction of valve spool movement, 



than the common port 304 which it controls, as indicated 
by a double-headed arrow in Fig. 3. Consequently the 
valve has a "deadband". That is, some valve spool 
movement can take place (corresponding to non-tran- 
5 sient variator operation) without opening of the compen- 
sation valve 152, 252. 

[0035] Consider however what happens during tran- 
sient variator ratio change, the actuator pistons 102 
again moving to the left as viewed in Fig. 2. Fluid ex- 
10 pelled from the first actuator working chambers 104 
again causes pressure rise in the first flow line 106 and 
an increased rate of flow from it. The pressure differen- 
tial across the first restrictor 1 50 consequently increases 
(because, as explained above, the pressure differential 

15 relates to the square of the flow rate through the restric- 
tor) and the pilot pressure signals to the first compen- 
sation valve 152 are correspondingly altered. Looking 
again at Fig. 3, pressure on spool face 314 (connected 
to the upstream side of the first restrictor 1 50) increases 

20 more than pressure on opposed face 31 6 (connected to 
the downstream side of the first restrictor 1 50). Thus the 
spool is displaced, to the right as viewed in Fig. 3, and 
. if this displacement is sufficient to move the spool be- 
yond its deadband then the common port 304 of the 

25 compensation valve 152 is connected to its outlet port 
310. A path is thereby opened for flow of hydraulic fluid 
out of the first flow line 1 06, to the sump 1 1 1 . Note that 
the degree of opening of the valve is variable and is re- 
lated to the pressure differential across the restrictor 

30 150. That is the valve has a proportional response. A 
large back pressure, corresponding to a requirement for 
a large flow rate, produces a correspondingly large 
valve opening suitable to accommodate the large flow. 
This progressive response is of assistance in maintain- 

35 ing transmission stability and the currently preferred 
valve characteristics will be explained below. 
[0036] Note also that due to the configuration of the 
illustrated circuit, the first compensation valve 1 52 (and 
similarly the second valve 252) can be thought of as op- 

40 erating in a negative feedback loop. Fluid vented from 
the flow line through the first compensation valve 152 
reduces rate of flow through the first restrictor 150 and 
hence tends to reduce the valve opening. The result is 
a stable, progressive control of the valve. The valve 1 52 

45 in effect reacts to and regulates flow through its line 1 06. 
Note however that the valve 152 does not react to 
changes in line pressure as such except so far as these 
result in changes of flow rate. 

[0037] Looking now at the other side of the hydraulic 
so circuit, the leftward displacement of the pistons 1 02 pro- 
duces a requirement for rapid fluid flow into the second 
actuator working chambers 204. Consequently flow 
through the second restrictor 250, and hence pressure 
differential across it, are reduced and again the pilot 
55 pressure signals to the compensation valve 252 are cor- 
respondingly altered. The pressure differential across 
the spool 302 of the second compensation valve 252 is 
reduced and the spool consequently moves, under the 
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biasing force of the spring 318, to open a path from the 
second flow line 206 to the accumulator 254. The accu- 
mulator 254 is maintained at a pressure higher than that 
of the second flow line 206, so that the effect of opening 
of the second compensation valve 252 is to cause fluid s 
flow into the flow line as required to prevent excessive 
pressure drop therein. Again this is done in a progres- 
sive manner and is subject to control through a negative 
feedback loop effect. 

[0038] The ECU 1 1 7 can also be programmed to react 10 
to differential pressure produced by transients by appro- 
priate control of the pressure control valves 116, 216. 
For example, the pressure control valve 216 in the low 
pressure side may be closed while the pressure control 
valve 116 in the high pressure side is fully opened, to 15 
assist in compensating for - and reducing - the pressure 
changes during transients. 

[0039] Of course when the requirement is for motion 
of the pistons 102 in the opposite direction, to the right 
in Fig. 2, the roles of the two compensation valves 1 52, 20 
252 are swapped,, but in other respects the function of 
the circuit is as described above. Opening of the two 
compensation valves 152, 252 need not be simultane- 
ous and some transients may for example cause open- 
. ing of one but not the other. 25 
[0040] Various possible accumulator constructions 
will be known to those skilled in the art but preferably 
the accumulator has an accumulator vessel, having a 
resiliency variable volume, connected in an unloader cir- 
cuit which tops up the vessel without continuously re- 30 
quiring high pressure pump flow. Fig. 4 illustrates a suit- 
able circuit, the vessel being seen at 400 and connected 
via a non-return valve 402 to a pump 404. A valve 406 
diverts the pump output to the sump 111 when the re- 
quired pressure is achieved in the accumulator vessel 35 
and the circuit's output is at 408. 
[0041] The characteristics of the compensation 
valves 1 52, 252 must be chosen to suitably balance the 
requirements for hydraulic damping (necessarily some- 
what reduced by valve opening) against the requirement 40 
for rapid flow during transients. It is also important to 
retain transmission stability during valve opening and 
closing. The currently preferred characteristics can be 
understood from Figs. 5 and 6, although it must be un- 
derstood that continued development may in time show *s 
other characteristics to be favoured. 
[0042] In Fig. 5 the vertical axis corresponds to for- 
ward flow through the pressure control valve 116 or 21 6 
and the horizontal axis to forward flow through the cor- 
responding restrictor 1 50, 250. In the control deadband 50 
region 500 the relevant compensation valve 152, 252 is 
closed. The flow through the restrictor and the pressure 
control valve are thus the same and the graph has the 
form of a straight line through the axis. When the flow 
into the regulator exceeds the deadband region, open- 55 
ing of the compensation valve vents fluid and, in the il- 
lustrated case, the consequent flow through the pres- 
sure control valve is controlled by the progressive valve 



response such as to be largely constant (or in fact sub- 
ject to a very gradual rise with restrictor flow). Similarly 
when flow into the regulator falls below the deadband, 
the compensation valve maintains a largely constant 
minimum level of flow. 

[0043] The way this flow characteristic relates to pres- 
sure, given constant opening of the pressure control 
valves 116, 216, is seen in Fig. 6, which shows flow line 
pressure (vertical axis) against flow into the restrictor. 
In the deadband region the graph is roughly a square 
function, back pressure being related to the square of 
the flow rate. Outside this region, the compensation 
valve serves essentially to set a maximum and a mini- 
mum pressure in the flow line, related of course to the 
opening of the respective control valve 116, 216. It is 
important to note that while the illustrated flow charac- 
teristic represents a situation in which opening of the 
pressure control valve 116 or 216 is kept constant, in 
practice these valves are typically to be adjusted in re- 
sponse to a transient so that although flow rates in the 
two flow lines may be affected by the transient, differen- 
tial pressure in the two lines need not be greatly altered. 
[0044] Numerous possible variations of the above de- 
scribed exemplary circuit will be apparent to those 
skilled in the art. For example, while the illustrated circuit 
allows both excessively high and excessively low flow 
rates to be compensated, the circuit may instead pro- 
vide only for venting of fluid from the circuit's high pres- 
sure side, the pressure drop on the low pressure side 
(which of course cannot amount to a hydraulic lock) be- 
ing accepted or compensated in some other way. Vari- 
ous suitable constructions for the compensation valves 
152, 252 will be known to the skilled person and where- 
as the illustrated valve is hydraulically controlled, an 
electronically controlled valve could conceivably be 
used. 



Claims 

1 . A hydrau lie control circuit for a continuously variable 
transmission comprising a continuously variable ra- 
tio transmission unit ("variator") (10), the circuit 
comprising a flow line (106), means (110) for pro- 
viding a flow of pressurised fluid in the flow line, 
means (116) for generating a back pressure in the 
flow line, and at least one connection for feeding 
fluid from the flow line to a hydraulic actuator (100) 
acting on a movable torque transmission element 
(28)of the variator, characterised by provision of 
varve means (152) connected to the flow line up- 
stream of the means for generating back pressure 

. for selectively modifying the pressure in the flow 
line. 

2. A hydraulic control circuit as claimed in claim 1, 
wherein the valve means (152) responds to rate of 
flow in the flow line. 
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3. A hydraulic control circuit as claimed in claim 2, 
wherein the valve means (152) is controlled such 
that its degree of opening is substantially constant 
while the rate of flow in the flow line (106) is within 
a chosen range. 

4. A hydraulic control circuit as claimed in claim 3, 
wherein the valve means (152) is closed while the 
rate of flow is within the chosen range. 

5. A hydraulic control circuit as claimed in any preced- 
ing claim, further comprising a flow restrictor (150) 
in the flow line (106). 



6. 



7. 



8. 



A hydraulic control circuit as claimed in claim 5, 
wherein the flow restrictor is (150) formed as a me- 
tering orifice in the flow line having a reduced cross 
section relative to other parts of the flow line (106). 

A hydraulic control circuit as claimed in claim 5 or 
claim 6, wherein the valve means (152)responds to 
pressure differential across the flow restrictor (1 50). 

A hydraulic control circuit as claimed in claim 7, 
wherein the valve means (152) is normally closed 
and opens in response to excess pressure differen- 
tial across the flow restrictor (1 50). 



9. A hydraulic control circuit as claimed in any preced- 
ing claim, wherein the means for generating back 
pressure in the flow line comprises a pressure con- 
trol valve (116) downstream of the restrictor (150). 

10. A hydraulic control circuit as claimed in any of 
claims 5 to 9, wherein the valve means (152) com- 
prises a pilot operated valve having a spool (302) 
which is controlled by pilot pressures from upstream 
and downstream of the flow restrictor (1 50). 

11. A hydraulic control circuit as claimed in claim 10, 
wherein the pilot operated valve has a deadband 
within which changes to the pilot pressures produce 
no substantial change in the degree of opening of 
the valve (152). 

12. A hydraulic control circuit as claimed in claim 11, 
wherein the valve is closed in its deadband. 
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1 5. A hydraulic control circuit as claimed in any preced- 
ing claim, wherein the valve means controls respec- 
tive paths to a low pressure area (111) and to a pres- 
surised accumulator (154). 

16. A hydraulic control circuit as claimed in claim 15, 
wherein the valve means (152) comprises a double 
pilot operated directional control valve. 

17. A hydraulic control circuit as claimed in any preced- 
ing claim, wherein the valve means (152) is a vari- 
able opening valve. 

18. A hydraulic control circuit as claimed in any preced- 
ing claim, further comprising a second flow line 
(206), means (210) for providing a flow of pressu- 
rised fluid to the second flow line, means (216) for 
generating a back pressure in the second flow line, 
at least one connection for feeding fluid from the 
flow line to a double acting hydraulic actuator (100) 
acting on the ratio determining element (28)of the 
variator and a second valve means (252) connected 
to the flow line upstream of the means for generat- 
ing back pressure in the second flow line for select- 
ing selectively modifying the pressure in the second 
flow line. 

19. A toroidal-race rolling traction variator (10) having 
at least one movable torque transmission element 
in the form of a variator roller (28) which is acted on 
by a hydraulic actuator (1 00) connected to a control 
circuit as claimed in any preceding claim. 



35 



40 



45 



13. A hydraulic control circuit as claimed in any preced- 
ing claim, wherein the valve means (152) controls 50 
a path to a low pressure area (1 1 1 ) in order to vent 
excess fluid from the flow line (1 06). 

1 4. A hydraulic control circuit as claimed in any preced- 
ing claim, wherein the valve means (152) controls 55 
a path connected to a pressurised accumulator 
(154) in order to selectively supplement fluid flow 
into the flow line (106). 
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